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ABSTRACT 


\l 


This  program  is  being  conducted  to  establish  production  techniques 
and  production  capabilities  for  manufacture  of  plastic  armor  panels 
intended  to  provide  ballistic  protection  for  flat  radar  antennae. 


Technical  fabrication  problems  were  reassessed  and  subscale  process 
development  initiated  to  solve  these  problems. 


Subscale  panels,  fabricated  during  the  period,  demonstrated  progress  in 
the  elimination  of  several  of  the  processing  problems.  Overall  panel 
opacity,  surface  delaminations,  and  voids  or  trapped  air  were  brought 
under  control . 

/ 

.J 

The  reduction  of  preconditioning  temperatures  to  1 . ss  than  180^  and  a 
reduction  of  the  lamination  time  eliminated  the  opacity  problem. 


Application  of  a woven  polypropylene  fabric  as  protective  face  plies 
eliminated  the  surface  delamination  or  non-lamination  problem  on  the 
limited  number  of  samples  fabricated  this  period. 


The  utilization  of  silicone  sponge  rubber  seals  improved  the  degassing 
efficiency  and  evacuation  capabilities  during  processing.  Minimal  voids 
or  air  entrapment  were  the  result. 


The  process  revisions  required  to  accomplish  the  above  were  defined. 
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ABSTRACT 


This  program  is  being  conducted  to  establish  production  techniques 
and  production  capabilities  for  manufacture  of  plastic  armor  panels 
intended  to  provide  ballistic  protection  for  flat  radar  antennae. 

Technical  fabrication  problems  were  reassessed  and  subjcale  pro- 
cell development  initiated  to  solve  these  problems. 


Subscale  panels,  fabricated  during  the  period,  demonstrated  pro- 
gress in  the  elimination  of  several  of  the  processing  problems. 
Overall  panel  opacity,  surface  delaminations,  and  voids  or 
trapped  air  were  brought  under  control. 

The  reduction  of  precondi tioning  temperatures  to  less  than  180°F 
and  a reduction  of  the  lamination  time  eliminated  the  opacity 
problem. 


Application  of  a woven  polypropylene  fabric  as  protective  face 
plies  eliminated  the  surface  delamination  or  non-lamination 
problem  on  the  limited  number  of  samples  fabricated  this  period. 

The  utilization  of  silicone  sponge  rubber  seals  improved  the  de- 
gassing efficiency  and  evacuation  capabilities  during  processing. 
Minimal  voids  or  air  entrapment  were  the  result. 

The  process  revisions  required  to  accomplish  the  above  were  defined. 


V'^  ’^W*/**  -r-^sS 


1.0 


PURPOSE 


The  purpose  of  this  program  is  to  establish  production  techniques 
and  production  capabilities  for  the  manufacture  of  armor  panels. 
The  armor  panels  are  intended  for  use  with  flat  radar  antennae  to 
provide  protection  from  munitions  fragments. 


The  armor  panels  will  be  flat  molded  sheets  of  various  sues  and 
edge  finishes.  The  sheets  will  be  molded  from  cross-plied  assem- 
blies of  unidirectional ly  oriented,  blown  film  made  from  a di- 
electric grade  polypropylene.  A protective  over-lay  will  be  molded 
into  the  panel  surfaces  and  camouflage  will  be  incorporated  in  or 
onto  a portion  of  the  panels. 


The  program  is  divided  into  four  tasks  as  described  below: 

Step  1 Engineering  Samples 

Two  sets  of  two  each  panels  will  be  produced  in  order  to 
demonstrate  the  ballistic  capabilities  of  the  selected 
materials  and  processes. 

Step  2 Confirmatory  Samples 

Ten  sets  of  two  each  panels  of  various  sizes,  thicknesses, 
and  camouflaging  methods  will  be  produced  in  order  to 
demonstrate  the  total  capabilities  of  the  panels  in  regards 
to  environmental  stability,  electronic  transmission,  and 
ballistic  characteristics.  In  addi'>on,  camouflaging 
techniques  and  panel  trim  and  edge  t using  will  te 
demonstrated. 

Step  3 Pilot  Run 

Thirty- two  sets  of  two  each  panels  will  be  produced  in 
order  to  demonstrate  the  capacity  of  each  production 
step  and  verify  the  capability  of  the  line  to  fabricate 
at  an  acceptable  rate. 

Step  4 Production  Capability  Demonstration 

An  in-plant  demonstration  will  be  held  in  order  to  show 
the  production  capabilities  of  the  pilot  production  line 
to  invited  representatives  of  industry  and  government. 


The  first  quarterly  report  described  in  detail  the  program  objectives, 
tasks,  and  schedule. 


I 


INTRODUCTION 


The  following  report  covers  the  period  from  December  1,  1978  to 
February  28,  1979. 


During  this  period  the  technical  problems  encountered  during  the 
program  were  reassessed  and  subscale  process  development  initiated 
to  solve  them. 


The  cubscale  panels  fabricated  during  this  period  demonstrated  pro- 
gress in  the  elimination  of  overall  opacity,  surface  defects,  and 
elimination  of  voids  or  trapped  air.  Remaining  development  problems 
include  elimination  of  striations  (stress  whitening)  thickness  and 
warpage  control  and  a scale-up  of  the  processes. 


In  the  following  section  the  various  defects  encountered  during  the 
program  are  discussed.  Methods  employed  to  correct  these  defects 
are  Dresented. 


Process  steps  used  to  produce  panels  during  this  period  are  described 
as  is  the  latest  seal  configuration  developed  for  the  revised  process, 


3 • 0 PROCESS  DEVELOPMENT 

3 . ] General 

During  the  last  period,  full  scale  panels  were  fabricated  in  both 
3/8-inches  and  1-inch  thickness.  The  panels  exhibited  major  sur- 
face and  minor  subsurface  defects.  A revised  procedure  employed 
in  subscale  process  development  during  this  same  period  improved 
control  of  several  of  these  defect  areas. 

Panel  Defects 

Surface  whiteness  and  panel  opacity 
Surface  and  subsurface  delaminations 
Voids  and/or  trapped  air  pockets 
Whitish  striations  (stress  whitening) 

Nominal  thickness  and  thickness  tolerance  variations 
Warpage 

During  the  last  period  surface  whiteness  and  opacity  was  eliminated 
by  reducing  the  temperature  of  all  preconditioning  steps  to  less  than 
180°F.  Surface  and  subsurface  delamination  defects  were  decreased 
by  the  above  change  and  a solvent  prewash  of  the  protective  film. 
However,  surface  delaminations  remained  an  intermittently  recurring 
problem  when  using  balanced  film  protective  cover  plies  such  as 
Hercules  B-500. 

Voids  and/or  trapped  air  pockets  and  the  whitish  striations  remained 
unsolved  problems  last  period.  Thickness  and  warpage  control 
techniques  were  also  not  fully  determined. 

3.2  Defect  Causes  - Corrective  Action 

In  order  to  attempt  to  solve  processing  problems,  a theory  of  the 
probable  defect  causes  is  defined  and  corrective  action  taken  or 
proposed  is  discussed  below. 

Surface  Whitening  and  Panel  Opacity 

Although  in  some  isolated  cases  panel  opacitity  may  be  caused  by 
contamination,  the  major  causes  appear  to  be  orientation  release 
of  the  oriented  film  during  pre-conditioning  or  over  heat  of  the 
panel  during  the  lamination  cycle.  The  orientation  release 
temperature  being  pressure  related  occurs  at  a relatively  low 
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temperature  during  the  preconditioning  when  the  film  is  subjected 
to  vacuum  pressure  only. 


Panel  opacity  occurs  during  lamination  at  temperatures  over  350°F  and 
is  temperature-time  related.  Rapid  discoloration  occurs  at  temperatures 
over  355°F  and  much  more  slowly  below  355°F. 

Corrective  Action 

Reduction  of  all  preconditioning  temperatures  to  below  180°F  and  the 
decrease  cf  lamination  time  at  the  upper  temperatures  has  eliminated 
the  opacity  problem  in  all  3/8-inch  thick  panels  fabricated  during 
this  period. 


Surface  and  Subsurface  Delaminations 

i 

Contaminants  such  as  film  lubricants,  oil  from  film  handling,  and  air  ; 

or  moisture  trapped  between  plies  are  examples  of  introduced  con-  j 

tamination  that  cause  both  surface  and  subsurface  delamination.  In  i 

addition,  integral  material  modifiers  such  as  plasticizers,  stabilizers,  ? 

non  blockers,  found  in  protective  films  can  also  cause  delamination  t 

or  non-lamination.  \ 

) 

Thermal  gradients  that  occur  during  panel  cool  down  are  also  believed  a 

to  induce  shear  stresses  that  may  jeopardize  the  panel  laminations.  ^ 

Severe  in-plane  stresses  develop  at  the  panel  surfaces  due  to  con-  3 

traction  of  the  outer  surfaces  during  cool  down  and  the  restriction  ? 

of  this  contraction  by  the  still  hot  interior.  \ 

t 

Corrective  Action  3 


Decreasing  the  number  of  protective  film  plies,  solvent  cleaning  these 
plies,  and  cutting  them  undersize  to  the  panel  decreased  surface  de- 
laminations  when  using  thin  balanced  oriented  film  as  protective  sur- 
face materials.  However,  these  results  did  not  entirely  eliminate 
the  surface  problems  suggesting  that  integral  contamination  and/or 
the  inability  of  the  film  to  cope  with  in-plane  surface  motions  was, 
on  occasion,  causing  surface  deiamination. 


During  this  period  a woven  polypropylene  fabric,  Propex  Style  1-89 
was  incorporated  as  a protective  surfacing  material.  This  material 
manufactured  by  AMOCO  Fabrics  Company  of  Atlanta,  Georgia  shows 
promise  as  a solution  to  the  surface  lamination  problem.  In  addition, 
the  woven  material  provides  superior  surface  integrity  due  to  its 
interwoven  nature  and  incorporates  an  ultra-violet  stabilizer  that 
should  improve  panel  weathering  characteristics. 
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Voids  and/or  Trapped  Air  Pockets 

Panels  fabricated  during  the  last  period  showed  marked  improvements 
as  noted  in  the  above  sections.  The  voids  or  trapped  air  problem, 
however,  was  not  significantly  improved,  although  some  panels 
fabricated  this  period  were  essentially  void  free. 

The  multi-ply  nature  of  the  prelaminated  film  stack  presents  a very 
large  intra-ply  area  of  trapped  air  that  must  be  eliminated.  Film 
overlaps  and  film  winding  spaces  provide  natural  pockets  and  seal 
off  areas  that  tend  to  prevent  void  elimination  by  pressure  alone. 

Any  surface  moisture  pick-up  by  the  film  must  also  be  eliminated 
in  order  to  prevent  outgassing  during  the  high  temperature  lami- 
nation process. 

Corrective  Action 

Two  major  processing  step  changes  were  employed  in  the  void  free 
panels  fabricated  during  this  period  as  compared  with  process  used 
in  fabrication  of  the  less  successful  panels  last  period.  One 
change  involved  the  allowable  leakage  employed  during  the  two 
periods.  Although  a minimum  29-inch  Hg  vacuum  was  used  during  both 
periods,  the  leakage  allowable  (as  measured  by  the  vacuum  drop  with 
the  evacuated  assembly  closed  off)  was  reduced.  Last  period  a 
vacuum  drop  of  two-inches  Hg  within  a five  minute  period  was  allowed. 
During  this  period,  the  maximum  drop  within  a ten  minute  period  was 
limited  to  one-inch  Hg.  This  represents  an  allowable  volume  leak- 
age reduction  to  one-quarter  of  the  previous  control. 

The  second  change  involved  the  initial  evacuation  step  and  the  pre- 
conditioning of  the  film  stack.  Employment  of  silicone  sponge 
rubber  seals  (described  in  Section  5.0  and  illustrated  in  Figures  8 
and  9)  allows  for  initial  film  stack  compression  simultaneously 
with  evacuation.  Additionally,  the  compressive  resistance  of  the 
seal  limits  the  stack  compression  and  leaves  a somewhat  loose  stack 
during  the  important  moisture  and  air  removal  (preconditioning) 
cycle. 

In  a separate  exploratory  panel  molding,  thin  rubber  pads  were  placed 
between  the  flat  rigid  caul  plates  at  both  panel  faces  and  the  panel 
was  laminated  without  the  aid  of  evacuation.  Resulting  panels  had 
only  minimal  air  entrapment.  This  would  indicate  that  a more  uni- 
form application  of  pressure  as  accomplished  by  use  of  the  rubber 
pads  is  effective  in  elimination  of  voids  and  offers  a possible 
alternate.,  lower  cost  processing  method  that  may  be  suitable  for 
some  applications. 

Whitish  Striations  (Stress  Whitening) 


Striations  of  whitish  discolorations  occur  to  a greater  or  lesser 


extent  in  most  panel  laminated  using  rigid  metal  caul  plates.  The 
striations,  located  in  the  central  region,  follow  the  film  winding 
pattern  and  intersect  at  right  angles.  The  most  severe  dis- 
colorations occur  at  the  striation  intersections.  There  seems  to 
be  a repeating  pattern  that  occurs  on  about  2 1 /2-inch  centers  as 
shown  below  in  Figure  1.  This  pattern  may  be  characteristic  of  a 
single  mandrel  winding  or  setting. 


1 ‘ 


» i 


i i 
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This  condition  could  either  be  the  result  of  a repeating  pattern  or 
random  highs  and  lows  resulting  from  a random  winding  pattern.  The 
central  panel  location  of  the  defect  is  consistent  with  edge  related 
flow  and  restricted  flow  in  the  plane  form  central  region. 

As  noted  in  the  previous  section,  a limited  experiment  was  conducted 
wherein  a rubber  face  sheet  was  used  in  an  attempt  to  relieve  high 
local  stress  areas  and  more  uniformly  distribute  applied  pressures. 
Surface  flatness  control  was,  of  course,  poor  but  there  was  no 
appearance  of  the  whitish  striations. 


Corrective  Action 

As  noted  above  a rubber  pressure  distribution  pad  eliminates  the 
striations.  The  resulting  surface  distortion  on  both  sides  varies 
from  the  flat  plane  up  to  0.015-inches  when  using  a 1/32-inch 
thick  silicone  rubber  pad  on  both  faces  of  a 3/8-inch  thick  panel. 
Examination  of  a limited  number  of  tries  showed  that  a single  ply  of 
woven  polypropylene  fabric  Propex  1-89  protective  face  ply  appeared 
to  decrease  but  not  eliminate  the  problem. 

Multiple  plies  of  1-89  fabric  on  the  panel  faces  or  a combination 
of  very  thin  pressure  distribution  pads  with  protective  surface 
plies  1-89  are  possibilities  that  have  not  yet  been  tried. 

Investigation  )f  cross-ply  winding  techniques  in  pursuit  of  greater 
winding  unifornity  would  be  beneficial. 

Nominal  Thickness  and  Thickness  Tolerance  Variations 

Control  of  panel  thickness  has  been  attempted  by  two  different  methods, 
loose  stack  thickness  measurements  and  loose  stack  weights.  Using 
either  method,  the  resulting  panel  thickness  is  dependent  on  the 
pressure,  temperature,  and  time  variables  of  the  lamination  cycle. 

In  addition,  however,  the  degree  of  local  overlap  buildup  (the 
mechanism  that  causes  the  striation  discussed  in  the  previous  section) 
also  affectsfinal  thickness.  Increased  local  overlaps  will  tend  to 
produce  increased  thickness. 

Thickness  tolerance  ranges  to  date  have  been  random  with  the  two 
following  exceptions.  When  molding  between  flat  metal  caul  plates 
the  laminated  panels  are  consistently  thicker  in  the  mid  panel 
region.  Panels  molded  using  a rubber  pressure  pad  have  random 
thicknesses  across  the  panel  and  a smaller  tolerance  zone.  These 
results  are  again  consistent  with  restricted  flow  in  the  panel 
central  region. 
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Corrective  Action 


Thickness  control  is  expected  to  improve  as  procedures  are  fixed.  In 
addition,  any  method  of  control  or  minimization  of  the  effect  of  the 
local  buildup  problem  should  make  thickness  control  easier. 


Other  methods  of  measuring  loose  film  stacks  to  provide  thickness 
control  information  should  be  tried.  One  possibility  would  be  loose 
film  thickness  measurements  between  flat  plates  at  some  given 
pressure. 


Warpage 


Panel  warpage  has  been  attributed  to  two  processing  effects.  Panel 
edge  restrictions  or  edge  pressure  during  laminating  and  differential 
temperatures  between  the  panel  faces  during  cool  down  result  in 
warpage. 


Corrective  Action 


Present  processing  procedures,  as  described  in  the  following  section, 
avoid  any  panel  edge  pressure  during  the  lamination  cycle.  This 
eliminates  warpage  from  this  cause  but  also  precludes  net  panel  edge 
molding. 


Control  of  face  temperature  during  cool  down  is  a function  of  the 
laminating  equipment  platens,  equipment  controls,  and  tooling. 

Some  difficulty  has  been  encountered  in  control  of  these  temperatures 
due  to  differences  in  press  platen  mass  and  variations  in  cooling 
passage  flow  rates.  Selective  adjustment  in  cooling  fluid  flow  rates 
are  being  investigated  as  a control  method  in  this  area. 


Lightly  clamping  panels  against  flat  plates  dun.. a the  200°  F heat 
treat  removes  a portion  of  the  panel  warpage. 


4.0 


PANEL  FABRICATION 

During  this  period  several  panels  were  fabricated  using  silicone 
sponge  rubber  seals.  The  fabrication  procedures  employed  were 
essentially  the  same  as  that  developed  during  the  end  of  tne  last, 
period  with  the  incorporation  of  revisions  discussed  in  the  previous 
section. 

In  addition  to  creating  the  vacuum  chamber  between  caul  plates  with 
sponge  rubber  seals,  the  allowable  vacuum  chanber  leakage  was  re- 
duced, and  the  woven  polypropylene  fabric  protective  face  plies 
were  incorporated.  Panels  were  fabricated  using  caul  plates  only 
and  both  silicone  rubber  and  teflon  pressure  pads. 

A schematic  of  the  processing  steps  is  shown  in  figure  3. 

4.1  Woven  Polypropylene  Fabric 

A wov'n  polypropylene  fabric  was  successfully  employed  as  a protective 
surface  material  in  several  subscale  panel  laminations.  In  all  cases, 
the  panel  surfaces  were  without  del  ami  nation  or  other  defects. 

When  molded  against  flat  metal  caul  plates,  the  woven  fabric  produced 
a smooth  even  surface  with  the  fabric  weave  barely  discernible. 

When  molded  using  a flexible  surface  pad,  the  fabric  pattern  was 
accentuated  and  noticeably  visible  but  still  fused  together  in  a 
continuous  face  ply. 

The  material  used  was  Propex  Style  1-89  woven  polypropylene  fabric. 
This  material  is  manufactured  by  AMOCO  fabric  Company,  Patchoguo 
Plymouth  Division,  Atlanta,  Georgia.  Some  of  the  properties  are 
noted  below: 

Tensile  Strength  ASTM-1682  275  x 230  lbs/ inch 

UV  Resistance,  FTMS  No.  191 

Strength  Retention  Method  5304 

1000  Hours  s70  percent 

Weight  6.0  oz/sq  yd 

The  material  is  presently  available  in  pigmented  configuration  only 
and  contains  an  ultra-violet  stabilizer. 

The  pigmentation  increases  surface  opacity  and  masks  off  the 
smaller  subsurface  defects.  Examination  of  the  subsurface  using 
a strong  background  light  showed  that,  the  striation  pattern  was 
still  in  evidence  on  non  pad  augmented  moldings. 
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Figure  5 "Woven  Polypropylene  Face  Ply  Lamination"  describes  the 
molding  assembly  and  the  molding  cycle  used  to  fabricate  those 
panels. 

Pressure  Pads 

Two  pf  the  subscale  panels  fabricated  during  this  period  employed 
l/32"si 1 icone  rubber  pressure  pads.  One  panel  was  laminated 
entirely  without  vacuum  while  the  other  employed  the  latest  vacuum 
seal  design  and  high  vacuum  throughout  the  cycle. 

The  resulting  panels  were  both  translucent  and  without  striations 
or  any  whitish  opaque  areas.  The  evacuated  panel  was  almost  without 
voids  or  trapped  air  pockets  while  the  non-evacuated  panel  con- 
tained only  small  and  mostly  edge  associated  voids. 

Figure  6 "Rubber  Pad  Lamination"  illustrates  this  method  of 
lamination  using  both  rubber  pad  and  panel  evacuation. 

A 1/16-inch  thick  teflon  (TFE)  pressure  pad  was  used  on  the  faces 
of  another  of  the  subscale  panel  moldings.  The  resulting  surface 
irregularities  were  much  less  pronounced  than  these  obtained  when 
using  1/32- inch  thick  rubber  pads.  However,  the  teflon  "cold 
flowed"  under  the  high  molding  pressures  causing  panel  edge  dis- 
tortion problems.  This  problem  coupled  with  the  high  cost  of  the 
material  would  seem  to  eliminate  teflon  as  a practical  pressure 
pad  material. 

Figure  7 "Teflon  Pad  Lamination"  illustrates  the  use  of  teflon  pads 
while  laminating. 

Molding  Procedure 

The  panel  laminations  were  all  preceded  by  a vacuum  seal  evaluation 
followed  by  an  oven  preconditioning  cycle. 

Prior  to  molding,  the  evacuated  assembly  was  checked  by  closing  off 
the  chamber  for  10  minutes  and  noting  vacuum  gauge  drop.  A drop 
to  no  less  than  29-inches  Hg  indicates  a satisfactorily  sealed 
assembly.  The  vacuum  was  maintained  throughout  the  lamination  pro- 
cess. 

Panels  were  then  preconditioned  to  remove  air  and  moisture  at  160- 
180°F  while  under  vacuum. 


The  panel  was  then  ready  for  the  press  lamination  cycle.  Constant 
pressure  and  full  vacuum  were  maintained  throughout  this  cycle. 
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The  lamination  procedure  chosen  was  intended  to  accomplish  the 
following: 

Maintain  preconditioning  temperature  well  below 
orientation  release  temperature 

Maintain  high  vacuum  throughout  process  (where 
appl icable) 

Effect  rapid  heat-up  during  molding  - slowing  only 
near  maximum  temperature  to  prevent  temperature 
over  shoot 

Effect  rapid  cool  down  while  attempting  to  minimize 
temperature  differences  between  panel  face  to  face 
and  face  to  mid-panel. 

The  temperature  and  pressure  control  are  defined  in  Figure  4 below: 

Symbols : 

T = Temperature 


t = time 

Subscripts: 
r = rise 
d = dwel 1 
f - fall 


Figure  4 


Illustrations  (Figures  5,  6 and  7)  describe  the  laminating  assembly 
and  procedures  used  to  fabricate  the  various  panels  fabricated 
during  this  period. 
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SILICONE  SPONGE  RUBBER  SEALS 


During  this  period  sponge  rubber  seal  materials  were  evaluated.  The 
best  performer  was  selected  and  fabricated  into  subscale  seals. 

The  seals  were  evaluated  during  panel  fabrication  and  then  redesigned 
to  a more  optimum  configuration. 

5 . 1 Seal  Materials 

Foui'  silicone  sponge  rubber  seal  materials  were  evaluated.  Two  of 
the  materials  are  specification  manufactured  to  AMS  3195  TE12  and 
AMS  3195  TE  18.  The  other  materials  were  Connecticut  Hard  Rubber 
products  C0HR-10470  and  COHR- 10480. 

Testing  at  various  degrees  of  compression  and  at  molding  cycle 
temperatures  showed  that  seal  compression  must  be  held  under  50  per- 
cent if  the  seal  is  to  have  multi  cycle  possibilities.  The  COHR- 
10480  material  demonstrated  superior  performance  due  to  its  lower 
compressive  set  characteristics. 

5 . 2 Seal  Design 

The  silicone  sponge  rubber  seal  is  required  to  make  a vacuum  seal 
between  the  caul  plates  at  the  loose  stack  heighth  and  then  to  com- 
press to  final  molding  thickness. 

In  order  to  do  this  and  limit  the  seal  compression  to  less  than 
50  percent,  seals  are  used  in  conjunction  with  internal  caul  plates. 
Figures  8 and  9 "Seal  Compression"  show  the  loose  stack  as  initially 
captured  and  the  seal  in  its  final  compressed  state. 

Figures  10  and  11  show  the  proposed  full  scale  seal  design.  The 
three-inch  high  seal  (Figure  9)  requires  two  1/8-inch  thick  aluminum 
frames  in  order  to  prevent  collapse  during  evacuation. 
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PROBUM  AREAS 

I'royrnin  Schedule  Revisions 

As  the  objectives  of  this  program  have  not  been  achieved  within  the 
originally  scheduled  time  period,  a major  program  rescheduling  is 
requ  i red . 

Remaining  technical  Problems 

Although  surface  condition  problems,  trapped  air/voids,  and  overall 
panel  opacity  problems  appear  to  be  under  control  using  the  latest 
processing  procedures,  the  striations  (stress  whitening)  thickness 
control  and  war page  control  require  further  Investigation. 


